
AO-A.094 6Ol STANFORD UNIV CA DEPT OF COIPUTER SCIENCE F/B 9/2
THEORY OF COMPILER SPECIFICATION AND VERIFICATION.dUI

NCLS E AY S0 W H POLAN 1N0A90376-C-0206UCASIFIED mmmmmi



UNCLASSIFIED A

SLCUNIrY CLASSIFIC.I'ION OtF rHis it

REPORT DOCLIM' .. zD-F OPL.[r am
1. REPORT NUMBER ,..cx 1ACCESSION NO. 3. RE,1PIENT'$ CATALOG NUMBER

4. TTLE andSubttle)5. YPE OP-EPORT &PERIOD COVERED

'W1EORY OF COMPILER SPECIFICATION AND h
JIYERIFICAO, 6. PERFORMING ORG. REPORT NUMBER

7. UTHR~q S.CONTR ACT OR GRANT N UMB ER(*5

7. ATHO~s) . * a.MDA90376C0206

QW. Hi. Polak M CS7600321AI

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10* PROGRAM ELEMENT. PROJECT. TASK

Stanford, CaliforniaM JIAO29

RT14GOENC'rirAMf & ADOR 07"0I :)[lOfice) 15. SECURITY CLASS. (of this report)

Defense Advanced Research Projects Agency Unclassified
1400 ilso Blv. IS.. -DECLASSI FICATION/ DOWNGRADING

Arlington, VA 22209 SCHEDULE

IS. DISTRIBUTION STATEMENT (of this Report)

APPROVED FOR PUBLIC RELEASE. DISTRIBUTION UNLIMITED. THIS DOCUMENT MAY
BE REPRODUCED FOR ANY PURPOSE OF THE U.S. GOVERNMENT

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, If different from Report)

19. KEY WORDS (Continue on reverse side it necessary and identify by block number)

COMPUTERS

PASCAL PLUS

C....3 20. ABSTRA ontlnue ont reverse aide if necessary and Identify by block number)

The formal specification, design, implementation, and verification of a
LLJI compiler for a Pascal-like language is described. All components of the comn-

I ~''~pilation process such as scanning, parsing, type checking, and code generation
LiL. are considered.

A
The Implemented language contains most control structures of Pascal,

recursive procedures and functions, and jumps. Rt provides user defined data
types including arrays, records, and pointers. A simple facility for input -\
output Is provided. .- .1

DD 'JAN",3 1473 EDITION OF INOV StIS OBSOLETE UNCLASSIFIED

(~ 'I SECURITY CLASSIFICATION OF THIS PAGE (When Dlata Entered)



UNCLASSIFIED
S,.CURITY CLASSIFICATION OF THIS PAGE(Whn Dag* F.tersJ)

- - The target language assumes a stack machine including a display mech-

anism to handle procedure and function calls.
The compiler itself is written in Pascal Plus, a dialect of Pascal accepted

by the Stanford verifier. The Stanford verifier is used to give a complete formal
machine checked verification of the compiler.

One of the main problem areas considered is the formal mathematical
treatment of programming languages and compilers suitable as input for au-
tomated prograw nrification systems.

Several technical and methodological problems of mechanically verifying
large software systems are considered. Some new verification techniques are
developed, notably methods to reason about pointers, fixed points, and quan-
tification. These techniques are of general importance and are not limited to
compiler verification.

The result of this research demonstrates that construction bf large cor-
rect programs is possible with the existing verification technology. It indicates
that verification will become a useful software engineering tool in the future.
Several problem areas of current verification systems are pointed out and areas
for future research are outlined.

S. A . . .

', .

t,' . '

SEUIY LSIFCTO O HS AE1enDt-Etid



Stanford Program Verification Group May 1980
Report No. PVG-17

Department of Computer Science
Report No. STAN-CS-80-802

THEORY OF COMPILER SPECIFICATION AND VERIFICATION

by

Wolfgang Heinz Polak

APPROVED FOR PUBLIC RELEASE

THIS DOCUMENT MAY BE REPRODUCED FOR

ANY PURPOSE OF THE U, S. GOVERNMENT

Research sponsored by

Advanced Research Projects Agency
and

National Science Foundation

COMPUTER SCIENCE DEPARTMENT
Stanford University

Nic.

o, -' ;,

81 2 03 025
A



THEORY OF COMPILER SPECIFICATION AND VERIFICATION

Wolfgang Heinz Polak

Department of Computer Science
Stanford University

Stanford, California 94305

May 1980

APPROVED FOR PUBLIC RELEASE
THIS DOCUMENT MAY BE REPRODUCED FOR

ANY PURPOSE OF THE U. S. GOVERNMENT

This research wa supported by the Advanced Research rojects Agency of the
Department of Defense under Contract MDAS-7O-C-0200 by the National
Science Foundation under Contract MCS 76-003*1-Al, and by the "Studienstiftung
des deutschen Volikes."



©Copyright 1980 by Wolfgang Heinz Polak



Stanford Program Verification Group May 1980
Report No. PVG-17

Department of Computer Science
Report No. STAN-CS-80-802

THEORY OF COMPILER SPECIFICATION AND VERIFICATION

by

Wolfgang Heinz Polak

ABSTRACT

The formal specification, design, implementation, and verification of a compiler for a
Pascal-like language is described. All components of the compilation process such as
scanning, parsing, type checking, and code generation are considered.

The implemented language contains most control structures of Pascal, recursive
procedures and functions, and jumps. It provedes user defined data types includng
arrays, records, and pointers. A simple facility for input-output is provided.

The target language assumes a stack machine including a display mechanism to
handle procedure and function calls.

The compiler itself is written in Pascal Plus, a dialect of Pascal accepted by the
Stanford verifier. The Stanford verifier is used to give a complete formal machine
checked verification of the compiler.

One of the main problem areas considered is the formal mathematical treatment of
programming languages and compilers suitable as input for automated program
verification systems.

Several technical and methodological problems of mechanically verifying large
software systems are considered. Some new verification techniques are developed,
notably methods to reason about pointers, fixed points, and quantification. These
techniques are of general importance and are not limited to compiler verification.

The result of this research demonstrates that construction of large correct
programsis possible with the existing Verification technology. It indicates that
verification will become a useful software engineering tool in the future. Several
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Abstraet:

The formal specification, design, implementation, and verification of a
compiler for a Pascal-like language is described. All components of the com-
pilation process such as scanning, parsing, type checking, and code generation
are considered.

The implemented language contains most control structures of Pascal,
recursive procedures and functions, and jumps. It provides user defined data
types including arrays, records, and pointers. A simple facility for input -
output is provided.

The target language assumes a stack machine including a display mech-
anism to handle procedure and function calls.

The compiler itself is written in Pascal Plus, a dialect of Pascal accepted
by the Stanford verifier. The Stanford verifier is used to give a complete formal
machine checked verification of the compiler.

One of the main problem areas considered is the formal mathematical
treatment of programming languages and compilers suitable as input for au-
tomated program verification systems.

Several technical and methodological problems of mechanically verifying
large software systems are considered. Some new verification techniques are
developed, notably methods to reason about pointers, fixed points, and quan-
tification. These techniques are of general importance and are not limited to
compiler verification.

The result of this research demonstrates that construction 'of large cor-
rect programs is possible with the existing verification technology. It indicates
that verification will become a useful software engineering tool in the future.
Several problem areas of current verification systems are pointed out and areas
for future research are outlined.
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Preface

About three years ago David Luckham hinted to me the possibility of
verifying a "real' compiler. At that time the idea seemed unrealistic, even
absurd. After looking closer at the problem and getting more familiar with
the possibilities of the Stanford verifier a verified compiler appeared not so
impossible after all. In fact, I was fascinated by the prospect of creating a
large, correct piece of software; so this subject became my thesis topic. I am
very grateful to David Luckham for suggesting this topic and for his continued
advice.

The research has drastically changed my view of verification and pro-
gramming in general. Analysis and design of programs (even large ones) can
be subject to rigorous mathematical treatment - the art of programming may
become a science after all.

Naturally, the reader will be skeptical, still, I hope to be able to convey
some of my fascination.

This work would have been impossible without the use of the Stanford
verifier. I have to thank all members of the Stanford verification group for
providing this excellent tool. Don Knuth's text processing system TEX was
a most valuable asset for typesetting a manuscript that must be any typist's
nightmare.

I thank my reading committee David Luckham, Zohar Manna, and Susan
Owicki for their valuable time, for their careful reading, and their helpful
advise.. Friedrich von Henke contributed through numerous discussions and
careful perusal of initial drafts of my writing. Last but not least I thank my
wife Gudrun for her support.
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